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Ostracodes, bi-valved crustaceans, are potentially excellent proxies for salinity.
They are abundant, react to changes in salinity, and secrete low-magnesium calcite shells
that preserve information about their host water chemistry. Changes in valve trace element
concentration, stable isotope composition, and sieve pore shape values have been linked to
changes in salinity. This study analyzed the response of the euryhaline ostracode,
Cyprideis americana, to salinity in six lakes from two Bahamian islands across two
seasons. The purpose of this work was to determine which compositional and
morphological variables in C. americana are the most useful for paleosalinity
reconstructions.
Ostracode and water samples were collected from lakes of varying water chemistry
on San Salvador Island (winter and summer seasons), and Exuma (winter season).
Dissolved oxygen, pH, salinity, and temperature measurements were taken for each lake.
The best-preserved valves from each lake were analyzed for sieve pore circularity, Mg and
Ca concentrations, and δ18 O isotopic composition. Mg/Ca ratios and Kd[Mg] values were
calculated for each lake. Each parameter was plotted against salinity for all of the lakes
and for lakes from each season and island.
Only the samples collected during the summer followed expected trends: with
increases in lake water salinity, Mg/Ca ratio decreased, δ18 O composition increased, and
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sieve pore circularity decreased. Samples collected from the winter field sessions did not
follow expected trends, potentially due to the breeding and moulting habits of C.
americana. Temperature was more correlative with valve composition than a previous
study of C. americana suggests, but is supportive of similar correlations of Cyprideis
species in continental and other island settings. The valve Mg/Ca ratio and mean sieve
pore circularity showed the best correlation with salinity and are the variables that will be
most useful in paleosalinity studies from sediment cores. Future work should further
investigate the relationship between mean sieve pore circularity and lake salinity as well
as the breeding and moulting habits of C. americana. Such work may allow for past
salinity ranges to be reconstructed from fossil C. americana samples.
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1. Introduction
1.1 Paleoenvironmental Reconstruction
The analysis of paleoenvironments is useful for many reasons.
Paleoenvironmental reconstructions can be helpful in storm studies, ecological studies,
evolutionary studies, climate modeling, and depositional modeling (Hanai et al., 1988;
Schweitzer and Lohmann, 1990; Carlson et al., 2009; Dalman and Park, 2012). One
method of interpreting past environments is the use of fossil organisms as proxies for
certain paleoenvironmental conditions. In aquatic settings, the morphologic and chemical
characteristics of fossil organisms can be used to infer past parameters such as salinity
and temperature. Fossil organisms that have been used for this purpose include fish,
corals, echinoderms, foraminifera, and ostracodes (Chivas et al., 1986; De Deckker et al.,
1988; Schmitz et al., 1991; Holmes, 1992; Holmes et al., 1995; Rathburn and De
Deckker, 1997; Mitsuguchi et al., 2001; Borremans et al., 2009).
To successfully utilize fossil organisms as proxies for environmental conditions,
modern organisms must be thoroughly studied to determine relationships between those
organisms and their environments. Proxies are only useful if there is confidence that a
fossil organism was reacting to its environment in an expected, predictable manner (Ito
and Forester, 2009). As such, good proxies are organisms that react to their environment
in a testable, predictable manner, and that preserve those features in the fossil record.
Some proxy organisms such as fish, echinoderms, and corals, are limited to a
small range of environments. Corals and echinoderms, for example can only tolerate
normal marine settings with slight salinity fluctuations (Borremans et al., 2009).
Foraminifera and ostracodes are both small organisms that are widespread and can
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tolerate many types of environmental conditions. Foraminifera have long been studied
and used for paleoenvironmental reconstruction (Rathburn and De Deckker, 1997;
Schmidt, 1999). Ostracodes have successfully been used as proxies for salinity and
temperature but there are possibly many unknown environmental factors, including the
ostracodes themselves, which can complicate interpretations and decisions about which
methods to use. This study will evaluate methods used to infer paleosalinity, taking into
consideration factors such as study location and season.
1.2 Ostracode Overview
Ostracodes (Class Ostracoda) are a diverse group of bi-valved micro-crustaceans
that range from 0.3-33mm in size (Athersuch et al., 1989). They can be found in almost
any aquatic environment, from the deep ocean to the pools of water in bromeliad flowers,
as long as the water is fairly well oxygenated and not too ephemeral (De Deckker and
Forester, 1988; Holmes, 2002). Some ostracodes are osmoconformers, meaning their
internal solute concentration remains the same or similar to the solute concentration of
their extra cellular fluid and/or external environment (Péqueux, 1995; Aladin, 1996).
Most ostracodes that are osmoconformers are stenohaline species, meaning they can only
live in a narrow salinity range. Osmoregulators can maintain their internal solute
concentration even when it differs greatly from external concentrations (Péqueux, 1995;
Aladin, 1996). Osmoregulators can be stenohaline or euryhaline (able to live in a wide
range of salinities). Osmoconforming ostracodes can typically be found in freshwater
(less than 0.5ppt salinity) and marine (~35ppt salinity) environments since these habitats
are typically fairly stable (Holmes, 1992). Ostracodes that are osmoregulators are more
often found in estuarine environments with fluctuating salinities, and in lakes, where
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salinities can be fresh, brackish (0.5-30ppt), marine, and even hypersaline (greater than
50ppt) (Holmes, 1992).
Ostracodes have existed since the Ordovician and have a rich fossil record
(Athersuch et al., 1989). They secrete a complex low-magnesium (Mg) calcite carapace
that consists of a calcified inner and outer lamella covered by a cuticle (Athersuch et al.,
1989; Keyser and Walter, 2004). Each valve is perforated by varying numbers of two
types of pores: “marginal pores” which occur in the margins between the two lamella and
run parallel to the valve, and “normal pores” that puncture the valve perpendicular to the
surface (Puri and Deckau, 1969). Normal pores vary widely in morphology between
species and consist of “simple pores” and “sieve pores” (Omatsola, 1970). Both of these
pore types typically have protruding setae or sensilla (hair-like structures) and possibly
perform sensory functions (Fig. 1)(Omatsola, 1970; Aladin, 1996).

Figure 1. A light microscope image of an ostracode valve (Cyprideis americana) from
Storr’s Lake, San Salvador Island, Bahamas. Inset: SEM low-vacuum backscatter image of
sieve pore with sensory hair.
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The ostracode carapace varies in ion permeability, depending on the species,
strength of the shell, and specialized cell ultrastructure in the inner layer (Péqueux, 1995;
Aladin, 1996). Ostracodes undergo a finite number of moult stages to reach their adult
size (Anderson, 1964; Heip, 1976). These moult stages, also known as instars, vary from
species but typically range from 7 to 9 in number (Turpen and Angell, 1971; Heip, 1976).
1.3 Ostracodes as Proxies
Ostracodes have been used extensively for paleoenvironmental reconstruction.
Although somewhat difficult to identify positively, they are abundant, have a rich fossil
record, their calcite shells preserve well, and they have been shown to react to changes in
environmental conditions such as temperature and salinity (Turpen and Angell, 1971;
Caporaletti, 2011). Most studies have focused on marine and continental lake systems
(De Deckker and Forester, 1988). While there is a consensus among researchers that
ostracodes are useful indicators of paleoenvironments, there are differing conclusions
about which parameters are useful and what they represent (Rohling, 2007; Ito and
Forester, 2009).
Previous studies have used the trace element content of ostracode carapaces
(namely magnesium, strontium, and calcium), stable isotope ratios, sieve pores, and valve
ornamentation to reconstruct paleosalinity and temperature (Teeter and Quick, 1990; De
Deckker et al., 1999; Medley et al., 2007; Caporaletti, 2011). Other methods to study
paleosalinity and temperature include using faunal assemblages and interlake faunal
variability (Park and Trubee, 2008; Michelson and Park, 2012). While all of these
methods have been used to reconstruct paleoenvironments, each method has associated
strengths and weaknesses.
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1.3.1 Trace Element Chemistry
Initial studies of ostracode shell geochemistry concluded that the Mg content in
the shell increased as a function of increases in temperature and increases in salinity
(Chivas et al., 1986; De Deckker et al., 1999). Studies in Indian and Jamaican lakes found
that Mg/Ca and Mg/Sr ratios were indicative of temperature and the Mg/Ca content of the
host water, but not necessarily salinity (Holmes et al., 1992; Holmes et al., 1995).
Another study from the Bahamas determined that Mg weight percent in ostracode shells
decreased as salinity increased and that there was no temperature dependence for Mg
(Teeter and Quick, 1990).
A more recent study performed in an Australian saline lake showed that there was
no relation between Mg/Ca or Sr/Ca and salinity although there was a relationship
between the shell Mg/Ca and the host water Mg/Ca (De Deckker et al., 1999). Another
recent study from Bahamian lakes also concluded that there is no relationship between
valve Kd[Mg] value (a trace element partition coefficient) and salinity, but also found no
trend between shell Mg content and water Mg content (Park and Trubee, 2008).
The usefulness of the Mg/Ca ratio of ostracodes for paleosalinity remains
debatable. There are many possible factors that could affect the uptake of Mg into the
ostracode valve including salinity, temperature, and location (Park and Trubee, 2008; Ito
and Forester, 2009). More studies are needed to understand the relationship between
Mg/Ca ratios in ostracode valves and their host water.
1.3.2 Stable Isotopes
Analysis of δ18 O and δ13 C in biogenic calcite has been shown to be a useful
indicator of temperature and indirectly, salinity (Rohling, 2007; Caporaletti, 2011). δ18 O
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levels have been shown to increase as temperature and salinity increase (Chivas et al.,
1986; De Deckker et al., 1988; De Deckker and Forester, 1988). δ18 O is a value that
shows the ratio between the heavier 18 O and the lighter 16 O isotope, with respect to a
standard. The formula for δ18 O is: 𝛿 !"𝑂 =   

! !"!
! !"!

!"#$%&!
! !"!
! !"!

! !"!
! !"!

!"#$%#&%

∗    10!

!"#$%#&%

(Caporaletti, 2011). Changes in δ18 O in lake settings are dependent on the
precipitation/evaporation ratio of the lake, which is based on factors including salinity,
temperature, and isotope concentration of the host water (Caporaletti, 2011). As
temperature increases, evaporation tends to increase, typically resulting in water with a
higher salinity and enriched in 18 O, after the lighter 16 O has evaporated. The δ18 O values
can change in response to anything affecting the precipitation/evaporation ratio in a lake,
so while a change in temperature and salinity can be inferred, the actual cause of change
can be difficult to determine (Holmes, 1996; Xia et al., 1997, Caporaletti, 2011).
The value δ13 C can be found using the same formula as for δ18 O, by replacing δ18
O with δ13 C and δ16O with δ12C. Results from δ13 C analyses are harder to interpret than
those of δ18 O (Caporaletti, 2011). Changes in δ13 C values can be attributed to changes in
salinity, temperature, freshwater input, organismal usage, and lake productivity
(Caporaletti, 2011). The relationship between δ13 C and salinity are not well understood.
Freshwater run off usually adds isotopically light 12C to a water body, decreasing the δ13
C value (Caporaletti, 2011). Photosynthetic activity can also play a role in carbon isotope
values as photosynthetic organisms remove 12C from the water to photosynthesize
(Caporaletti, 2011).
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1.3.3 Pore Morphometrics
Another method to reconstruct past salinity uses the shape of the ostracodes’ sieve
pores (Rosenfeld and Vesper, 1977; Medley et al., 2007). Sieve pores can range in shape
from round to elongate to irregular. While the function of sieve pores is poorly
understood, they have been shown to change shape with changes in salinity. Studies have
shown that round sieve pores tend to be more abundant in low salinity environments, and
as the salinity of the water studied increases, the number of irregular sieve pores increase
dramatically (Rosenfeld and Vesper, 1977; Medley et al., 2007; Frenzel et al., 2011).
Medley et al. (2007) used the slope of a best fit-line, through a plot of pore
circularity versus pore area as value for circularity, then compared δ18 O and δ13 C content
of the ostracode shells to the circularity of the sieve pores on the carapace. They found
that changes in sieve pore circularity coincided with the changes in δ18 O and δ13 C values
(Medley et al., 2007). Increased δ18 O and δ13 C content were found overwhelmingly in
ostracode valves with negative pore slopes, indicative of irregular-shaped sieve pores,
which were found in more saline water (Medley et al., 2007).
A more recent study compared changes in several morphological features to
changes in salinity (Frenzel et al., 2011). Field observations of valve size, valve shape,
and sieve pore circularity were compared to results from a culture experiment in which
specimens of the species Cyprideis torosa were raised and exposed to varying salinities
in a lab (Frenzel et al., 2011). Results of sieve pore analysis were similar to that of
Medley et al. (2007). Frenzel et al. (2011) also found that the valve size showed a
negative correlation to salinity, and the valve shape showed no relationship to salinity.
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1.4 Variables to Consider
With any of these methods there are many variables that need to be considered.
Ostracodes are complex organisms and the manner in which they react to their
environment is not necessarily straightforward.
1.4.1 Ontogeny
Ostracodes have a complex ontogeny, or growth cycle. The juveniles (instars 9-2)
change shape, sometimes drastically, between the different moults and look completely
different from the adults of the same species (Heip, 1976; Baltanas et al., 2000). The shell
composition also differs between juveniles and adults, with juvenile shells typically
containing more magnesium than the adult forms (Schweitzer and Lohmann, 1990).
Since juveniles are much more difficult to accurately identify than adults and have a
different shell chemistry, it is important to only use adults of one species when
performing any kind of shell analysis such as trace elements, isotopes, or sieve pores
(Park and Trubee, 2008).
1.4.2 Breeding Cycle
Like many organisms, ostracodes have distinct breeding seasons. The dates of
these seasons vary between species and are not well studied in most (Sandberg, 1964). As
ostracodes do not moult after they reach adulthood, their adult carapaces reflect the water
chemistry at the time of that final moult (Hanai et al., 1988). If ostracodes live in a habitat
with variable conditions, their carapaces may not reflect the water conditions at the time
of collection (Park and Trubee, 2008). Without knowing the specific breeding cycle of a
species, a time-averaging effect in the results can be expected and should taken into
consideration in an environmental interpretation.
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1.4.3 Water Temperature
When looking for paleosalinity, temperature should also be considered since some
variables, such as isotopes, react to both salinity and temperature. Water temperature
plays a key role in how long it takes for an ostracode to reach adulthood (Hanai et al.,
1988). If the habitat experiences unusually warm conditions, the ostracodes go through
their moult stages much more quickly which results in smaller-sized adult ostracodes
(Van Harten, 1975; Hanai et al., 1988). Likewise, if ostracodes experience cooler
temperatures, the ontogenetic cycle slows down, resulting in larger shelled ostracodes.
1.4.4 Sexual Dimorphism
Most species display some degree of sexual dimorphism, where the males of a
species differ in appearance from the females of the same species. In some cases these
difference include shell thickness, overall carapace size, shell chemistry, and shell shape
(Danielopol et al., 2002). Females typically have a more convex posterior to allow for a
brood chamber (Sandberg, 1964). In most cases, the differences are not enough to
warrant using one sex over another but it does add the possibility of error in an analysis.
1.4.5 Diagenesis
Ostracode valves do not always retain their original structure and composition
over time. Newly formed ostracode valves are translucent and smooth. Typically, over
time, the translucency and smoothness of ostracode valves change in the process of
diagenesis. Older valves become cloudy and opaque, sometimes forming bumps or spikes
on the surface. Depending on the amount of carbon and sulfur in an environment, valves
can change color, sometimes turning black (Ainsworth et al., 1990). While some studies
have shown that these changes do not necessarily change the chemical composition of the
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valve, unaltered valves are preferred for analysis (Keatings et al., 2002). Due to the
seasonal breeding cycles of ostracodes, older valves may also represent a water chemistry
that differs from the water chemistry at the time of collection.
1.4.6 Location
The location of the study may also play an important role in how ostracodes react
to their environment. Studies based in continental regions tend to have results that differ
from those from island areas, especially concerning trace element concentrations (Chivas
and De Deckker, 1986; Teeter and Quick, 1990; Engstrom and Nelson, 1991; Park and
Trubee, 2008).
1.5 Purpose of Study
Clearly there are many factors that need to be taken into consideration when using
ostracode valve chemistry and morphology as a proxy for past environmental conditions.
Foremost in any ostracode-based paleoenvironmental reconstruction, is a clear
understanding of how a given ostracode species responds to its immediate environment
and to changes in that environment over the course of the year.
The purpose of this study is to examine the response of the euryhaline ostracode,
Cyprideis americana (Sharpe), to changes in the salinity of Bahamian brackish to
hypersaline lakes. This study will investigate the three most widely used proxies for
paleosalinity in ostracodes: trace element content, stable isotopic composition, and sieve
pore morphology. The study will examine C. americana samples collected from two
Bahamian lakes at two different times of the year. The research questions to be addressed
are as follows:
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•

How responsive is C. americana to changes in salinity over the course of the year?
Specifically, how does the elemental composition and morphology of the C.
americana carapace vary with lake location and season?

•

What elemental and/or morphological variable in C. americana is the most reflective
of salinity in Bahamian lakes? Which variable would be most useful for
paleoenvironmental reconstruction?

•

What factors should be taken into consideration when using C. americana for
paleoenvironmental reconstruction? Are there conditions when C. americana does not
serve as a reliable proxy for salinity?
Results from this study should show whether analytical methods developed for

other ostracode species, such as Cyprideis torosa, are applicable to C. americana. This
study should also provide new insight as to why the elemental composition of ostracodes
from the Bahamas seem to be more correlative with salinity (Teeter and Quick, 1990)
than ostracodes from continental settings (De Deckker et al., 1999). Finally, this study
should allow for C. americana to be used more confidently as a proxy for salinity in
ongoing paleoenvironmental studies in the Bahamas.

2. Study Areas
2.1 The Bahamas
The Bahamas are a group of carbonate islands situated on several carbonate
platforms with little to no input from nearby continents. These islands began forming at
the end of the Cretaceous period through the process of shallow water carbonate
sedimentation and are not associated with tectonic activity (Mylroie and Carew, 1990;
Mylroie and Carew, 1995). Most of the exposed rocks in the Bahamas were formed
	
  

	
  

11	
  

during the Pleistocene and Holocene as a result of shallow water carbonate
sedimentation, eolian processes, and eustatic sea level changes (Mylroie and Carew,
1990).
In general, the Bahamas experience a sub-tropical climate, which consists of two
notable seasons: winter-spring dry season and a summer-fall wet season (Carlson et al.,
2009; Sampson and Guilbeault, 2013). The dry season occurs from December-April
whereas the wet season occurs from May-November. The wet season typically receives
twice as much rainfall as the dry season; some of this rainfall is associated with
hurricanes (Sealey, 2006).
2.2 San Salvador Island
San Salvador is the easternmost island in the Bahamas (Fig. 2). Unlike the other
islands, San Salvador occupies its own, separate carbonate platform (Sealey, 2006). Up to
a third of San Salvador’s surface is covered in ponds and lakes (Sealey, 2006). The
hydrology of these lakes is fairly complex. There is a vast network of karst features
beneath the surface of the island. Some of the lakes and ponds have conduits that connect
directly to the ocean and in some places, to the freshwater lens that sits beneath the island
(Mylroie and Carew, 1990; Sealey, 2006). Other lakes are evaporative settings where
occasional meteoric water recharges them (Sealey, 2006; Carlson et al., 2009). These
lakes tend to be hypersaline while conduit-fed lakes are usually marine to brackish.
Approximately 25 percent of rainfall on the island is contributed by hurricane activity
during the summer (Carlson et al., 2009).
San Salvador is home to the Gerace Research Centre (GRC), which regularly
houses schools for study abroad trips and research programs. The GRC also occasionally
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hosts the Bahamas Symposium where researchers who study the Bahamas gather for a
conference. Because of the convenience of the GRC, San Salvador is probably the most
well-studied island in the Bahamas with projects ranging from biology to geology to
archeology to marine science.

Figure 2. A map of San Salvador Island, Bahamas, showing the position of the lakes
sampled (labeled). San Salvador GIS data provided by Larry Davis and Andrew Reeder.
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2.3 Exuma
The islands of Exuma lie approximately 115 km southeast of San Salvador. The
main island, Great Exuma, is connected via bridge to a smaller island to the south called
Little Exuma. The lakes studied are all located on Little Exuma (Fig. 3).
Exuma has a sub-tropical climate like all of the Bahamian islands but falls into a
slightly different precipitation category than does San Salvador (Vacher and Wallis,
1992). Exuma has less yearly rainfall than San Salvador so it is typically drier with a
smaller freshwater lens (Vacher and Wallis, 1992). The lakes on Exuma are similar to
those on San Salvador with respect to depositional history and lake type, i.e. there are
conduit-fed lakes and closed evaporitic lakes.

Figure 3. Map of Little Exuma, Bahamas, showing the location of lakes sampled (labeled). Map courtesy
of Google Earth.

2.4 Lakes Sampled
Sediment samples containing ostracodes were collected from San Salvador Island
during a Study Abroad trip from January 5-15, 2012 (Winter) and again during a National
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Science Foundation Research Experience for Undergraduates course from June 6-23,
2012 (Summer). Samples were also collected from Exuma as a part of another research
project from January 29-February 5, 2012.
2.4.1 San Salvador Winter
The lakes sampled on San Salvador Island during the winter were Watling’s Blue
Hole (WBHW) and Salt Pond (SPW). Watling’s Blue Hole is a pond located on the
southern end of the island and was formed by the flooding of a pit cave (Sampson and
Guilbeault, 2013). It has the typical properties of a blue hole: fairly deep (~8m at its
deepest), small diameter (~63m), typically brackish (10-25ppt), and replenished by an
ocean-fed conduit (Sampson and Guilbeault, 2013). Unlike other blue holes on the island,
Watling’s Blue Hole is significantly altered by past human activity. Early island settlers
built stonewalls around the pond and used the pond as a holding pen for sea turtles
(Sampson and Guilbeault, 2013). Salt Pond is a wide, shallow lake located on the eastern
side of the island near the coastline. Salt Pond is a closed evaporitic lake with a widely
fluctuating, but typically hypersaline salinity (15-300ppt) and is heavily influenced by
rainfall and storm events (Davis and Johnson, 1988; Shamberger and Foos, 2004).
Two to three days prior to sampling Salt Pond (and Watling’s Blue Hole), a storm
system passed over San Salvador, dumping beach sediment into the first 20m of Salt
Pond from its shore. The influx of seawater and rain caused the salinity of Salt Pond to be
decidedly brackish at 14.31ppt. The salinity of Watling’s Blue Hole was probably also
affected by the storm but not as severely. Salinity measurements were not taken in these
lakes prior to our arrival so the degree of salinity change between sampling and before
the storm is not known.
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2.4.2 Exuma Winter
The lakes sampled on Little Exuma were Salt Pond (EXSP), Barn Pond (EXBP),
and Conch House Lake (EXCH). Salt Pond is a large (~1.5km), shallow, evaporitic lake
located on the north side of the island near the shore. Salt Pond is typically hypersaline,
has a man made conduit, and is floored by algal mats containing gypsum crystals. The
lake was once used for salt collection and as such, is heavily anthropogenically altered
(Kennedy, 2007). Barn Pond is a small, hourglass shaped lake located along the shore of
the north side of Little Exuma. While the water is fairly shallow, the sediment (lime-rich
mud) was typically knee-deep at the time of collection. Barn Pond typically has normal
marine salinity (35-50ppt) but had a lower-than-normal salinity (30ppt) when sampled.
Conch House Lake is a cut off lagoon located on the south side of the island. It is a long,
thin lake that runs parallel to the coast and typically has a normal marine salinity. The
lake is broken up in some places by three dunal ridges that also run parallel to the
shoreline. It is unknown whether Barn Pond or Conch House Lake have active marine
conduits.
2.4.3 San Salvador Summer
The lakes sampled on San Salvador Island during the summer were Watling’s
Blue Hole (WBHS), Salt Pond (SPS), Six Pack Pond, and Blue Hole 5 (BH5). The lake
levels were down from the winter sampling levels. Blue Hole 5 is a small blue hole near
Watling’s Blue Hole, but with a fresher salinity (5-15ppt) and with less anthropogenic
modification. Six Pack Pond is a round pond located in the center of San Salvador Island.
Due to its remote location and the 3-hour hike through rough and unsteady terrain
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necessary to get to the pond, the meter was not taken and the samples collected were not
used in this project.

3. Methods
3.1 Field Methods
The same sampling method was used for collecting samples on both islands
during both seasons. At each lake, a hand held probe was used to measure temperature,
salinity, conductivity, dissolved oxygen (DO), pH, and total dissolved solids (TDS) at the
time of collection. For each lake, a 50m transect was measured into the lake
perpendicular to the shoreline. Sediment was collected at 10m intervals along the
transect, from the top 2cm of sediment in 4.5oz plastic sample cups. A total of 6 samples
were collected from each lake (0m, 10m, 20m, 30m, 40m, 50m), with the exception of
San Salvador Salt Pond summer. Due to the low water level, samples from Salt Pond
were only collected from the 10, 20, 30, 40, and 50m intervals.
Water was collected at the same time as the sediment samples. In most cases,
water was collected near the shore. The water samples were taken underwater at about
0.5m in depth, in half-liter Nalgene bottles.
3.2 Sample Preparation
After the samples had been collected, the water samples were refrigerated until it
was time to leave the island. The sediment samples were halved, labeled, sealed with
electrical tape, and refrigerated until departure from the island. The samples collected on
San Salvador Island during the summer were treated with a 0.1% rose bengal solution
before being sealed. Rose bengal is a stain, which reacts with organic material, turning
organic material bright pink. This is useful in identifying the most recently living
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specimens even though some studies show that rose bengal does not always work on
ostracode valves (Danielopol et al., 2002). The sediment samples from Exuma and San
Salvador winter were treated with rose bengal within a few weeks after returning from
each of the sampling trips.

Figure 4. Light microscope images of ostracode valves showing different states of preservation. Scale
bars are 200µm. a. Very recently living Hemicytheridea setipunctata valve from WBHS: soft parts still
present. b. Recently living female Cyprideis americana valve from WBHS: pink-stained, smooth, and
clear. c. Slightly older male C.americana valve from Storr’s Lake: no stain but fairly clear and smooth.
d. Old male C.americana valve, from Storr’s Lake that has undergone diagenesis: no stain, opaque.

Ostracodes were picked from the sediment samples using the following
procedure. Each sample was wet sieved using DI water and a 2mm sieve followed by a
0.5m sieve. The sediment caught in the 2mm sieve was discarded, as was the sediment
smaller than 0.5mm, because the average adult size of C. americana is between 0.5 and
2mm. The sediment remaining within this range was placed in labeled drying trays and
allowed to air dry for at least 24 hours. Dry samples were then picked for the right valves
of the most recently living adult male C. americana using a 10x dissecting scope. A
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flatter posterior determined males, and adults were determined using the characteristic,
fairly symmetrical “kidney-bean” shape. The most recently living ostracodes were
determined by the presence of soft parts and/or the brightness of pink from the rose
bengal stain (Fig. 4). Not all of the samples reacted to the rose bengal, possibly because
the samples were not treated quickly enough or because the valves were not from recently
living ostracodes. For the samples that did not respond to the rose bengal, the most
recently living specimens were determined by the transparency of the valve (Danielopol
et al., 2002). Older valves were typically more opaque and some were clotted with debris.
The samples collected during the summer from San Salvador by far had the best
preservation and were clearly the most recently living ostracodes.
The ostracodes were picked using a fine camelhair paintbrush that had been
trimmed down to 5-10 hairs. The brush was dipped in DI water to create surface tension
and lift the ostracodes. The picked ostracodes were placed into labeled paleontological
microscope slides. One slide was used for each of the intervals from each lake. In most of
the samples, all of the C. americana specimens were picked with a goal of at least 30
individual valves per sediment sample. In some cases, 30 valves were not present.
3.3 Water Analyses
The water samples collected were analyzed at the WKU Advanced Materials
Institute (AMI) using a Dionex ICS 1500 Ion Chromatography System (for chloride and
sulfate), and a Thermo Scientific 6500 ICAP ICP-OES for barium, calcium, iron,
potassium, magnesium, manganese, strontium, sodium, chloride, and sulfate. The water
samples were analyzed within a few weeks of collection. All of the water from the San
Salvador lakes, with the exception of Salt Pond winter, was also analyzed for alkalinity.
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Unfortunately, the water samples from the Exuma lakes were unavailable at the time of
processing and were not analyzed.
3.4 Photomicroscopy and Pore Morphometrics
Photomicroscopy and pore morphometric analyses were conducted at the WKU
Electron Microscopy facility using a JEOL 5400 LV scanning electron microscope
(SEM). Photomicroscopy of ostracode samples was conducted in back-scatter (BEI)
mode under low vacuum conditions. Three to four valves from each of the sampled
intervals from each lake were mounted, convex-side up, on to SEM stubs with smooth
carbon tape. The transect intervals used were determined based on the condition of the
ostracode valves within each sample. Only the best-preserved ostracodes were chosen for
analysis. For each ostracode, pictures were taken of the entire valve along with individual
pictures of the posterior, the middle, and the anterior of the valve (Fig. 5).
The pore morphometric methods used were those of previous studies (Rosenfeld
and Vesper, 1977; Medley et al., 2007) and a new approach – the mean circularity
method – devised for this thesis.
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Figure 5. SEM low-vacuum backscatter images of C.americana valves from each lake sampled, used for
pore morphometric analysis. a. Watling’s Blue Hole winter, San Salvador (WBHW), 20m. b. Watling’s
Blue Hole summer, 0m. c. Salt Pond winter, San Salvador, 30m. d. Salt Pond summer, 10m. e. Blue Hole
5, 10m. f. Barn Pond, Exuma, 50m. g. Conch House Lake, Exuma, 0m. h. Salt Pond, Exuma, 50m. Scale
bars are 200µm.
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Using Adobe Photoshop, the images of the valve sections (anterior, middle, posterior)
were altered so that they only contained black sieve pores on a white background. Any
black visible that was not part of a sieve pore was erased. Any sieve pores that were not
fully visible or not on the top of the valve were also erased to reduce the likelihood of
measurement error. The modified images were then inverted so that the sieve pores were
white with a black background. This was necessary for image analysis.
The images were then uploaded into Iridium Ultra software. The software recognizes
white shapes and can analyze the dimensions of those shapes. With the images inverted
the individual sieve pores were analyzed for area and perimeter, the components
necessary for determining circularity (Fig. 6). The measurements were uploaded into
Excel and used to determine the circularity of all of the sieve pores. The equation for
circularity is Circularity= 4π (area/perimeter2) (Medley et al., 2007). The values for
circularity range from 0 to 1, with 1 being a perfect circle.

Figure 6. Left image: SEM low-vacuum backscatter image of valve sieve pores to be used for
morphometric analysis. Right image: After image alteration and pore parameter analysis in Iridium Ultra.

Previous studies have placed ostracode sieve pores into 3 shape categories: round,
elongate, and irregular (Rosenfeld and Vesper, 1977; Medley et al., 2007). To fit these 3
categories, ostracodes with a circularity range of 0 to 0.32 were deemed irregular. A
circularity range of 0.33 to 0.65 constituted elongate pores, and round pores were those
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with a circularity range between 0.66 and 1. All of the sieve pore circularity
measurements from each lake were assembled and the percentages of each pore type per
lake were determined for comparison. In accordance with previous studies and to have a
single circularity value for lake, the circularity values for each lake were plotted against
the area measurements of the same pores (Medley et al., 2007). A line a best-fit line was
applied to the resulting scatter plot and the slope of that line was used as the
representative value for the associated lake. The mean pore circularity for all of the sieves
pores from each lake sample was also calculated.
3.5 Stable Isotope Analysis
Ostracodes from all of the lakes were analyzed for δ18 O and δ13 C isotopes. The
isotope samples correspond with the same field sampling intervals used for the sieve pore
analysis. Each isotope sample had 3-4 valves equaling 0.075 to 0.125mg per sample.
When possible, the same ostracode valves used for sieve pore analysis were also used for
the isotope analysis, although additional ostracodes collected from a given transect
interval were often added to each isotope sample so that enough sample mass was present
for analysis. Whenever ostracode valves were added to an isotope sample, only the bestpreserved (i.e. most translucent) ostracode valves were chosen.
The isotope samples were taken to the University of Kentucky for analysis. There,
organic material was removed by soaking the samples for 15 minutes in 15% H2O2,
followed by a DI water rinse. The samples were then rinsed with methanol and dried
overnight in an oven at 50°C. Once dry, the samples were loaded into 5.9ml flat bottom
Labco evacuated exetainers using weighing papers. Each exetainer was flushed with
99.999% pure He for 13 minutes. Ten to twelve drops of 100% H3PO4 acid were added to
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each exetainer using a needle and syringe. The valves were allowed to digest in the acid
for 24 hours. The evolved gases were collected by a GasBenchII online gas collection
system and analyzed for oxygen and carbon isotopes with Thermo Delta Plus XP Isotope
Ratio Mass Spectrometer (IRMS). An NBS-19 standard was used after every 5 samples
to calibrate the mass spectrometer.
3.6 Trace Element Analysis
Trace element analyses were conducted on ostracodes collected from all the lakes
save for Exuma Salt Pond (all of the EXSP ostracodes were digested for isotopic
analysis). The valves were analyzed for calcium, magnesium, and strontium using the
ThermoScientific ICP-OES 6500 system located at the AMI lab. Before the analysis, the
samples were digested using 1ml of concentrated HCL followed by 9ml of DI water for a
total of 10ml of solution per sample. The sample weight varied between samples; at least
2 valves present in each sample. The samples were too small to weigh, so the weights of
the samples were estimated using the number of valves used and the typical weight of a
C. americana valve, ~50µg (Park and Trubee, 2008).
The Mg and Ca concentrations were used to calculate Mg/Ca ratios (as molar
ratios) for each sample. A Kd[Mg] value was also determined using the following
formula: 𝐾𝑑[𝑀𝑔]T=

!"
!"#$%
!"
!"
!"#$%
!"

Kd is the uptake coefficient for a given element (Mg) at a given temperature (T).
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4. Results
4.1 Water Chemistry
4.1.1 San Salvador- Winter
The salinity, along with other parameters, of each lake measured at the time of
sample collection is presented in Table 1. The salinity values of Watling’s Blue (WBHW)
and Salt Pond (SPW) from the winter collection on San Salvador were lower than
expected. The salinity of Watling’s Blue Hole was 12.46ppt at the time of collection,
which is not much lower than its average salinity of 22ppt. Salt Pond’s salinity was
14.31ppt, which is much lower than its average salinity of around 100 ppt. Winter is
usually the dry season in the Bahamas, so higher salinities were expected, especially in
Salt Pond, due to evaporation. An ocean conduit feeds Watling’s Blue Hole, so seasonal
fluctuations did not have as large of an effect on its salinity.
4.1.2 San Salvador- Summer
Summer occurs in the wet season in the Bahamas so lower lake salinities were
expected from June than from the winter samples. For both Watling’s Blue Hole (WBHS)
and Salt Pond (SPS), however, the salinities were higher than they were in January.
Watling’s Blue Hole had a salinity of 21.22ppt, very close the its normal average of
22ppt. Salt Pond’s salinity was 48.88ppt, which is at the lower end of its normal range.
Blue Hole 5 had a salinity of 16.11ppt, which is close to its 12ppt average. Blue Hole 5
was not sampled in January so a comparison of seasonal salinities was not possible.

.
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46.54
48.63
7.45
36062.65
24520.00
6721.06
1868.00
2209.00
34.87
ND
1120.00
ND
156.25
1.1825

15.34
74.60
8.05
10585.10
9242.00
2099.03
585.80
577.30
8.65
0.03
287.00
0.015
150.00
0.9855

2.3781

175.00

7518.02
4404.00
1005.95
158.70
377.40
4.41
ND
162.40
ND

7.62

33.70

13.51

2.7428

143.75

12611.89
8680.00
1572.71
293.90
806.10
6.63
ND
377.00
ND

7.95

70.16

22.02

2.4641

100.00

9671.13
564.70
1121.23
245.40
604.70
5.61
ND
281.90
ND

7.96

98.38

17.21

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

8.40

54.30

30.46

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

8.87

179.00

33.96

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

8.42

105.50

62.72

Table 1. Water chemistry results. The top portion of the table shows on-site water chemistry measurements. The bottom half shows the elemental results from
ICP-OES analysis. The bottom row shows the calculated Mg/Ca ratio. ND= No data.

Probe Results
Island
Date
Salinity (ppt)
Temperature (°C)
Total Dissolved
Solids (g/L)
Dissolved
Oxygen (%)
pH
ICP-OES Results
Chloride (μg/mL)
Sodium (μg/mL)
Sulfate (μg/mL)
Calcium (μg/mL)
Magnesium (μg/mL)
Strontium (μg/mL)
Iron (μg/mL)
Potassium (μg/mL)
Manganese (μg/mL)
Alkalinity
(mg CaCO 3 /L)
Calculated Results
Mg/Ca ratio

Watling's Blue
Salt Pond
Salt Pond
Watling's Blue Hole
Conch House
(Winter)
(Summer)
Hole (Winter) (Summer)
Blue Hole 5 Barn Pond Lake
Salt Pond
San Salvador San Salvador San Salvador San Salvador San Salvador Exuma
Exuma
Exuma
1/11/12
6/9/12
1/14/12
6/8/12
6/8/12
2/3/12
2/3/12
2/3/12
14.31
48.88
12.46
21.22
16.11
30.42
34.33
69.68
23.41
33.09
25.14
29.38
30.09
26.17
27.44
23.68

4.1.3 Exuma- Winter
The only water data from the lakes sampled on Little Exuma were those collected
by probe at the time of sample collection (Table 1). The lakes on Exuma had slightly
lower salinities than expected. Barn Pond (EXBP) typically has close to normal marine
salinity (~35ppt) and at the time of collection its salinity was 30.42ppt. Conch House
Lake (EXCH) had a salinity of 34.33, which is close to its typically normal marine
salinity. Salt Pond (EXSP) had an expected hyper-salinity of 69.68ppt, although the
temperature (23.68°C) was lower than expected.
For the lakes sampled from both islands, over both seasons, there was no
correlation between temperature and salinity with the exception of the San Salvador
summer lakes, which showed a positive trend (Fig. 7). The amounts of magnesium (Mg)
and Calcium (Ca) detected in the San Salvador lake water samples, via ICP-OES, were
used to calculate the Mg/Ca ratio of the water (Table 1). For the lakes sampled from both
seasons on San Salvador, there was no significant relationship between the Mg/Ca ratio
of the water and the lake salinity (Fig.8).

Figure 7. Scatter plot of temperature vs. salinity for all of the lakes from both islands and
seasons.
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Figure 8. Scatter plot of the water Mg/Ca ratio of the San Salvador lakes from both seasons
vs. the salinity of the lakes.

4.2 Pore Morphometrics
For each lake, the circularity range, mean circularity, and pore slope were
determined based on the pore circularity of all the ostracodes using the equation
Circularity= 4π (area/perimeter2) (Medley et al., 2007) (Table 2). Each ostracode valve
had pores that were round, elongate, and irregular. The relative abundances of each,
however, differed greatly among the ostracode samples. To assess a relationship between
sieve pore circularity and salinity, two methods were employed: the pore slope method
and the mean circularity method.
4.2.1 Pore Slope Method (Medley et al., 2007)
The pore slope method involves determining the circularity of a sieve pore on an
ostracode valve and then plotting that circularity value against the sieve pore area to find
a best fit line for the data. The numerical value of the slope of the best-fit line is used as
the value to represent the overall pore circularity of a valve. As described in Medley et
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al., (2007), data showing larger, more irregular sieve pores have a negative slope and are
representative of ostracodes living in hypersaline waters.
In this study, every lake had a slightly negative pore slope with the exception of
Salt Pond on Exuma (Table 2). Exuma’s Salt Pond had the highest salinity of the lakes
sampled so it would have been expected to have the most negative slope. As indicated by
(Fig. 9) and the r-squared values for the best-fit lines (Table 2), it is clear that the lines do
not confidently represent the data. When plotted against salinity, the pore slopes showed
a clear trend, opposite of what would have been expected (Fig. 9). The lakes with the
highest salinities had the most positive pore slopes.
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Table 2. Results from sieve pore morphometric analysis. Percentages of each pore type are derived from the circularity values of all the pores measured for each
lake. The pore slope of the linear best- fit line through a plot of pore area vs. pore circularity for each lake, based on methods from Medley et al. (2007).!
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Figure 9. Scatter plots based on pore slope method from Medley et al. (2007). a. Pore slope vs. salinity for all lakes. b. Exuma pore circularity vs. area, used to
determine pore slope. c. San Salvador winter pore circularity vs. area. d. San Salvador summer pore circularity vs. area.

4.2.2 Mean Circularity Method
The second method, devised for this project, was to compare the mean pore
circularity of all of the ostracodes from each lake to the salinity of each lake. The mean
circularity values for each lake were similar to the median circularity values, so the mean
was used for simplicity. Excluding Exuma Salt Pond, the data show a weak negative
correlation between mean pore circularity and salinity (Fig. 10). The San Salvador
summer data show the strongest negative correlation, which follows the expected trend.

Figure 10. Scatter plot of mean pore circularity versus salinity for all of the lakes on both islands during
both seasons. Trend lines shown for all lakes and for summer-only lakes. Exuma Salt Pond is excluded.

4.3 Stable Isotopes
Two to three samples per lake were analyzed for δ18 O and δ13 C isotopes. Each
sample consisted of 2-4 valves, so the values obtained from each transect site were
average isotopic values. Interestingly, the range of isotopic values for each lake was
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greater in the winter than in the summer as indicated by the calculated standard
deviations for each lake (Table 3). Higher δ18 O values correspond to higher salinity
because during evaporation, 18 O becomes concentrated in lake waters. δ13 C values were
not investigated in this study. The δ13 C values tended to co-vary with δ18 O.
Lake%Name Meter
SPS
10m
20m
30m
BH5
0m
10m
20m
WBHS
0m
10m
20m
SPW
20m
30m
40m
WBHW
0m
10m
20m
EXBP
0m
10m
20m
EXCH
0m
10m
20m
EXSP
0m
50m

δO18

δC13

2.23
2.67
1.84
91.18
91.44
91.03
92.37
92.73
92.56
3.58
1.76
90.22
94.81
95.02
91.61
2.29
2.70
1.78
92.99
2.16
0.88
90.18
91.70

96.56
96.18
97.03
99.34
98.35
99.15
98.33
97.24
97.77
95.25
97.04
99.07
910.48
98.61
97.15
912.41
911.67
912.28
910.51
98.18
96.64
911.31
95.92

Std.%Dev.%δO Std.%Dev.%δC
0.41
0.43

0.21

0.52

0.18

0.55

1.90

1.91

1.91

1.67

0.46

0.39

2.68

1.95

1.08

3.81

Table 3. δ18 O and δ13 C results for each lake including the sample interval and the standard deviation for
each lake. For each lake except EXSP, 3 samples were analyzed from different intervals. Each sample
contained 2-4 valves, picked for best condition.

The lakes from San Salvador summer generally show an increase in δ18 O with an
increase in salinity (Fig. 11) and temperature (Fig. 12). San Salvador winter lakes show
an increase in δ18 O with increasing salinity (Fig. 13), and an increasing in δ18 O with
decreasing temperature (Fig. 14). The lakes from Exuma show no trend with salinity (Fig.
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15) or temperature (Fig. 16), especially with the addition of Salt Pond. In all the analyses,
Salt Pond Exuma was always an outlier, trending in an opposite manner than expected or
not at all.

Figure 11. Scatter plot of valve δ18 O vs. salinity for San Salvador summer lakes.

Figure 12. Scatter plot of valve δ18 O vs. temperature for San Salvador summer lakes.
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Figure 13. Scatter plot of valve δ18 O vs. salinity for San Salvador winter lakes.

Figure 14. Scatter plot of valve δ18 O vs. temperature for San Salvador winter lakes.
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Figure 15. Scatter plot of valve δ18 O vs. salinity for Exuma lakes.

Figure 16. Scatter plot of valve δ18 O vs. temperature for Exuma lakes.
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4.4 Trace Elements
Two samples from each lake were analyzed for Mg, Sr, and Ca concentrations
with the exception of Exuma Salt Pond due to lack of samples available. The ICP-OES
system was not able to detect Sr so only the results for the other elements are listed
(Table 4). Both the Mg/Ca and Kd[Mg] calculations were plotted against salinity. A
previous study showed a negative trend between the weight percent Mg and the salinity
of the host water on San Salvador (Teeter and Quick, 1990), while others have
determined that no trend exists when comparing Kd[Mg] with salinity (De Deckker et al.,
1999; Park and Trubee, 2008).

Table 4. Results from elemental analysis of ostracode valves from each lake. Mg and Ca values were used
to calculate the Mg/Ca ratio of the valves for each interval of each lake. The Kd[Mg] value was calculated
using the Mg/Ca ratio of the valve and of the water. Two intervals were analyzed per lake from San
Salvador. Only 1 sample from each Exuma lake were analyzed. Ostracodes from EXSP were not analyzed
due to lack of sample. Each sample contained 2-6 valves.

When the valve Mg/Ca was compared to salinity for all of the lakes from both
islands and both seasons, a general negative trend was found (Fig.17). This trend was
reinforced when only the San Salvador summer Mg/Ca data was plotted; a strong
negative correlation results (Figure 18). The valve Mg/Ca and salinity of the Exuma lakes
were not compared because there were only two samples.
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Figure 17. Scatter plot of valve Mg/Ca versus salinity for lakes on both islands and both seasons.

Figure 18. Scatter plot of valve Mg/Ca versus salinity for the lakes from San Salvador summer.

The Kd[Mg] values were also plotted against the salinity for the lakes on San Salvador
from both seasons (Fig. 19). The Kd[Mg] values for the Exuma lakes could not be
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determined due to lack of water data. Overall, there does not seem to be a trend between
the Kd[Mg] and salinity of the lakes.

Figure 19. Scatter plot of Kd[Mg] versus salinity for San Salvador lakes from both seasons. Exuma lakes
are excluded due to lack of water data.

4.5 Composite Plots
To gain a better understanding of the results, all of the variables tested, including
temperature, were plotted together with respect to salinity (Fig. 20). When comparing
results from all of the lakes from both islands and both seasons, there is no clear
relationship between all the variables. The valve Mg/Ca, mean pore circularity, and
temperature correlate well with each other, but not with salinity.
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Figure 20. Composite plot of salinity versus mean pore circularity, valve Mg/Ca, δ18 O, and temperature
for all lakes from both islands and both seasons.

The variables were also plotted based on location. When comparing the lakes on
San Salvador from both seasons (Fig. 21), there is a slightly clearer trend. With the
exception of Blue Hole 5, the valve Mg/Ca ratio and mean pore circularity values
generally become smaller with an increase in salinity, which is the expected trend.
Studies suggest that at higher salinities, the ostracodes focus more on the calcification of
their valves than incorporation of trace elements, leading to a smaller Mg/Ca ratio (Teeter
and Quick, 1990).
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Figure 21. Composite plot of salinity versus mean pore circularity, valve Mg/Ca, δ18 O, and temperature
for lakes on San Salvador for both seasons.

When comparing results from only the summer San Salvador lakes, the trend is
much clearer (Fig. 22). The valve Mg/Ca ratio, and mean pore circularity correlate well
with the salinity in the expected manner, while the δ18 O results seem to corresponding
more with temperature than with salinity. While there is not a lot of data from Exuma, the
variables seem to trend in the opposite direction of what was expected (Fig. 23).
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Figure 22. Composite plot of salinity versus mean pore circularity, valve Mg/Ca, δ18 O, and temperature
for San Salvador lakes during the summer.

Figure 23. Composite plot of salinity mean pore circularity, valve Mg/Ca, δ18 O, and temperature for
Exuma lakes (winter).
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5. Summary and Discussion
The purpose of this study was to compare different variables used as proxy
indicators in C. americana for salinity over different seasons and in different locations.
The variables studied were sieve pore morphology, isotopic composition, and Mg/Ca
concentrations. The results indicate that there are differences in the way ostracodes react
to salinity during different seasons and in different locations.
5.1 Seasonal Differences
The differences between parameters tested from winter collection were substantial
compared to those collected during the summer. For all of the variables tested, there was
a greater divergence in value between winter samples than summer samples, and the
summer samples followed expected trends. The smaller divergence in value in summer
samples allowed for a better trend to be seen when compared to salinity. This difference
between winter and summer data variation could be related to the breeding cycle of the
ostracodes. If more ostracodes were breeding and reaching adulthood during the summer,
their valves would be more reflective of the water conditions at the time of collection.
This observation is supported by the fact that the valves collected from the summer lakes
were in much better condition than those collected during the winter. The summer valves
reacted with the rose bengal better and many ostracodes still had their soft parts inside the
valves. The winter ostracodes were typically clear but did not contain soft parts and did
not readily stain with the rose bengal. These ostracodes were probably older and not
reflective of the water conditions at the time of collection.

	
  

	
  

43	
  

There may have been more of an averaging effect in the winter samples as well.
Since none of the valves could be readily identified as recently living, the valves used for
analyses may have been from various water conditions in the past.
5.2 Temperature Effects
Changes in valve Mg/Ca and mean pore circularity showed correlations to
changes in temperature in the lakes studied across both seasons even though there was no
direct correlation between these variables and temperature (Fig. 20). This indicates that
temperature, along with salinity, may play a role in these parameters. Mg/Ca – mean pore
circularity- temperature correlation is only noticeable when comparing both seasons,
which implies there is a seasonality associated with the influence of temperature on valve
Mg/Ca and pore circularity. These results are opposite to those by Teeter and Quick
(1990), who recorded daily temperature fluctuations and concluded that there was little to
no temperature influence on the valve Mg concentration for C. americana in the
Bahamas, though their study did find a difference in Mg concentration between summer
and winter.
Temperature has a great impact on the length of time it takes for ostracodes to
moult and likewise incorporate Mg and Ca into their valves. Since ostracodes have
specific breeding seasons when they are readily moulting, it would make sense that
temperature would be more influential on valve chemistry during the breeding season,
giving temperature a seasonal correlation with valve chemistry and pore circularity.
In all of the lakes sampled, δ18 O values correlated better with temperature than
with salinity. Typically, salinity is expected to increase with increasing temperature due
to evaporation. For the lakes sampled, there was no overall correlation between
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temperature and salinity, although the San Salvador summer lakes showed a reasonable
trend (Fig. 7). One possible explanation for the lack of correlation between temperature
and salinity in the San Salvador winter lakes is the heavy precipitation event that
occurred immediately before those lakes were sampled, resulting in much lower salinities
and temperatures than usual. Conduit-fed lakes, such as Blue Hole 5 and Watling’s Blue
Hole may not have a strong correlation between temperature and salinity because water
in these lakes is constantly being replenished.
5.3 San Salvador vs. Exuma
The ostracodes sampled from Exuma and San Salvador did not react to salinity in
the same manner. The δ18 O values for Exuma had no relation to salinity and only a slight
correlation to temperature whereas the δ18 O values from San Salvador summer lakes
correlated well with temperature and salinity. The δ18 O values from Conch House Lake
were highly variable. The mean pore circularity and valve Mg/Ca values increased with
salinity, the opposite of the expected trend and what was observed on San Salvador.
Some possible explanations may be related to seasonal changes and temperature.
The Exuma lakes had overall lower temperatures than San Salvador so perhaps
temperature had a greater influence on the parameters tested. It is also possible that the
ostracodes used were older and less indicative of water chemistry, similar to the San
Salvador winter lakes. Since Exuma was not sampled during the summer, a comparison
of seasons cannot be made.
Another possible explanation for the difference in results between islands is the
difference in climate between the islands. While both islands are geographically close,
they fall into slightly different climate regions. Exuma is drier than San Salvador, which
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may affect the timing and nature of fluctuations in lake conditions, in turn altering the
reactions of the ostracodes in those lakes. The lakes themselves were also slightly
different than those on San Salvador. None of the lakes sampled on Exuma, other than
Salt Pond, had any known conduits. This may affect how C. americana reacts to changes
in salinity and temperature in the Exuma lakes.
Results from Exuma’s Salt Pond may not have been reliable due to the lake being
so anthropogenically altered. In every plot, Salt Pond was an extreme outlier and showed
no correlation to the other lakes from either island.
5.4 Sieve Pore Morphometrics and Trace Element Methods
Several methods for sieve pore and trace element analysis from other studies were
employed along with new methods to determine the relationship between the different
variables and lake salinity. Ostracodes are studied in different environments around the
world so different methods may work better for certain environments. The pore slope
method used to compare the sieve pore circularity to salinity was originally utilized for a
study in the Dominican Republic, using several species of ostracodes in a core sample
(Medley et al., 2007). The Dominican Republic is located in the Caribbean but has a very
different geologic history than Exuma and San Salvador. While the Bahamian islands are
part of carbonate platforms, the Dominican Republic has a history of tectonic activity so
there is igneous material available as well as carbonates (Medley et al., 2007). While the
pore slope method revealed negative pore slopes for ostracodes from hypersaline waters
for the Medley et al. (2007) study, the Bahamian lake ostracodes showed the opposite
trend (Fig. 9a). It is unclear why the slopes showed such a linear trend opposite of that
from the previous study. The ostracodes from San Salvador and Exuma had a much wider
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range of sieve pore circularities within each ostracode and therefore the best-fit line did
not accurately represent the data. This could be due to the differences in the geology of
the two study locations or because of the different species studied. The geology of an area
affects lake water chemistry and may play a role in how ostracodes react to changes in
salinity and temperature. The mean circularity method worked better in this study
because the mean better represented the sieve pore circularity data set for each lake.
For the comparison of valve Mg/Ca and salinity, two methods from previous
studies were used. Simply comparing the valve Mg/Ca and salinity showed a negative
trend, which supports the work of Teeter and Quick (1990). This is in contrast to the
findings of De Deckker et al. (1999) who found no correlation between valve Mg/Ca and
salinity, but a strong correlation between valve Kd[Mg] and temperature in continental
lakes. Results from this study indicate no relationship between Kd[Mg] and salinity,
which supports results from previous studies on San Salvador and continental lake
systems(De Deckker et al, 1999; Park and Trubee, 2008).
The Kd[Mg] value does not seem to correlate with salinity regardless of location.
This may be because there is no relationship between the concentration of Mg/Ca in the
host water and the salinity. The relationship between valve Mg/Ca and salinity seems to
be location dependent. Perhaps in areas like the Bahamas, ostracodes preferentially
incorporate Ca into their carapaces in response to salinity increases.

6. Future Work
The results from this study have several implications for the use of C. americana
as a salinity proxy in paleoenvironmental reconstructions in Bahamian lake systems. The
valve Mg/Ca ratio and the mean pore circularity seem to be the most reliable indicators
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for salinity in Bahamian lakes. Multiple proxies should be analyzed and the results
compared. While there is no way, as of now, to identify specific salinities based on the
valve Mg/Ca ratio or mean pore circularity, these proxies should indicate changes in
salinity over time. More studies involving the mean pore circularity of C. americana and
other species may lead to a more accurate method of interpreting paleosalinity values
using ostracode sieve pores. Studies to determine the function of sieve pores in C.
americana would give more insight to the variables affecting the change in sieve pore
shape.
An averaging effect between seasons should be expected when dealing with the
fossil record. As such, the type of lake should be considered when reconstructing salinity
based on valve Mg/Ca or mean pore circularity. Lakes with ocean conduits are more
stable throughout the year so salinity interpretations should not be too affected by
averaging. Closed evaporitic lakes, however, have fluctuating salinities and an averaging
effect may reduce the accuracy of a paleosalinity interpretation. More studies on the
breeding habits of C. americana allow for a better understanding of the averaging effects
seen in the modern ostracode valves and in the fossil record.
Given that there was little correlation between salinity and temperature in the
lakes studied, δ18 O isotope values should be used as a proxy for temperature and not
necessarily salinity. Temperature seems to play an important role in all of the parameters
tested so it should be considered when using any of the proxies for salinity.
The results from this study indicate that ostracodes (specifically C. americana) in
Bahamian lakes may react to changing water chemistry differently than those in other
environmental and geological settings. Therefore, the methods used in this study may
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only be accurate when used in Bahamian lakes. More studies with larger data sets would
give greater insight to these observations.

7. Conclusions
•

The mean sieve pore circularity, trace element, and isotopic composition of C.
americana from the Bahamas correlates in a predictable manner with salinity when C.
americana valves are collected in the summer. During the summer, mean sieve pore
circularity decreases (becomes more irregular), the valve Mg/Ca ratio decreases, and
the δ18 O concentration increases (becomes more positive) with increases in salinity.

•

The mean sieve pore circularity, trace element, and isotopic composition of C.
americana collected from Bahamian lakes in the winter may not correlate in a
predictable manner with salinity. This lack of correlation is likely attributable to
seasonal differences in the breeding habits of C. americana; namely, that C.
americana may preferentially breed and moult during the summer months. Because
of this, the composition and sieve pore morphology of C. americana valves collected
during the winter months may reflect a water chemistry that differs from the water
chemistry at the time of collection.

•

Mean pore circularity correlates well with the valve Mg/Ca ratio in C. americana
regardless of sampling season, lake type and lake location. Low mean pore
circularity correlates well with low Mg/Ca ratio. This phenomenon is likely
attributable to enhanced calcification (i.e. Ca absorption) by C. americana during
times of elevated salinity, a conclusion in accordance with Teeter and Quick (1990).

•

Valve Mg/Ca ratio and mean pore circularity in C. americana are the variables most
reflective of salinity in Bahamian lakes even though the Mg/Ca ratio method has been
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shown to be less correlative with salinity in other lake settings (e.g. De Dekker et al.,
1999). It is suggested that the compositional uniformity of the calcareous bedrock of
the Bahamas - and therefore the chemistry of Bahamian lakes - may be an important
factor causing proxy data from C. americana to differ from Cyprideis species
collected from other lake settings.
•

The δ18 O composition of C. americana in the Bahamas only correlates with salinity
when temperature and salinity are also correlative. Such δ18 O -lake temperature-lake
salinity correlations are only seen from C. americana valves collected during the
summer season, a factor again potentially attributable to the breeding cycle of C.
americana.

•

Temperature may be more influential on valve Mg/Ca ratio in C. americana than
previously suggested (Teeter and Quick, 1990). The correlation between lake water
temperature and valve Mg/Ca ratio presented herein are more in line with results from
proxy studies of ostracodes from lakes in continental settings (e.g. De Dekker et al.,
1999).

•

Multiple variables should be analyzed when reconstructing paleosalinity from
sediment cores using C. americana. If stable isotopes are utilized, temperature
effects should be considered and results compared to other parameters tested.
Because seasons are difficult to determine in the fossil record, time-averaging effects
should be expected for any analysis.

•

Mean pore circularity data from C. americana are more reflective of, and more
correlative with, salinity in the Bahamas than data obtained from the pore-slope
method of Medley et al. (2007). The mean pore circularity method developed herein
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should be used in other salinity proxy studies involving C. americana. Mean pore
circularity should also be investigated as a useful salinity proxy in ostracode species
other than C. americana and in depositional settings other than the Bahamas.
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